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PROBLEM TO BE SOLVED: To realize rapid long 
distance optical transfer by reducing the chirping by 
return light inside an integrated light modulator. 

SOLUTION: This optical semiconductor device is divide 
into three parts which are a DFB(distributed feed back 
laser part 2, a transient region 6 and a modulator par 
5, while a diffraction grating 3 is formed on an n-typ 
InP substrate 1 in the DFB laser part 2. In addition 
the band gap of the active layer in the modulator part 
is made smaller than that of the active layer of the DFB 
laser part 2. so that the DFB laser beams ar 
extinguished by reverse biasing. On the other hand, the 
transient region 6 is a region wherein the band gap in 
the active layer is continuously fluctuated. A p-side 
electrode 24 is formed of the parts separated into th 
DFB laser part 2 and the modulator part 5. In such a 
constitution, the optical waveguide of the modulato 
part 5 is formed into a bent waveugide, whose curvature 
radius is 1-3 mm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** sho^vs the word which can not be translated. 
3. In the drawings, any words are not translated. 

DlTAIL^ "~~ " 

'^S^S^^^^S^^f : ^''^^^o : ^' "" 
[0001] 

[The technical field to which invention belongs] this invention relates to optical semiconductor devices, such as an 
accumulated type optical modulator, especially about the optical semiconductor device which has the diffraction 
cancellus. 
[0002] 

[Description of the Prior Art] In 40km - 600km fiber-optics-communication long-distance transmission, the light of 
1.55 micrometer band of low loss is used. However, since the fiber generally laid is a normal fiber with which 
variance is set to 0 by 13 micrometers, it is influenced of variance with 1.55 micrometer band. In order to influence 
and cany out influence of variance, it is necessary to stop low, the wavelength spectrum breadth, i.e., the char ping, 
at the time of a modulation. Then, the external-modulation method made to quench a fixed semiconductor laser light 
externally is used instead of using the semiconductor laser of a direct modulation. 

[0003] Semiconductor laser here is called distributed feedback laser which built in the diffraction grating. Usually, 
since it is called DFB (Distributed Feedback) laser and oscillation wavelength is decided with a diffraction grating, 
an oscillation wavelength spectrum serves as a single mode. This oscillation wavelength will be changed in 
connection with it, if the carrier density of a barrier layer is changed in order to be dependent on the refractive index 
of the barrier layer of semiconductor laser. Also in an external-modulation method, if light returns from a modulator 
to semiconductor laser, since a carrier density will swing by fluctuation of the optical density in semiconductor laser, 
a char ping occurs. In order to prevent this, it is necessary to insert an isolator between semiconductor laser and a 
modulator. Or a means like "the optical on-the-strength modulation element and the optical on-the -strength 
modulator" which are indicated by JP,6-1 1670, A is suggested. 

[0004] In recent years, the accumulated type optical modulator which accumulated semiconductor laser and the 
optical modulator monolithic is developed to such a simple substance modulator. Equipment not only becomes 
small, but by being accumulated, a loss of the light of the between from semiconductor laser to a modulator is 
reduced. However, a means for the cure against return light from a modulator fraction to the semiconductor laser 
section to be more important since it is monolithic, and to give AR coating layer after making the outgoing-radiation 
end face of a modulator into window structure, in order to usually avoid this is adopted. This for example octavus 
time International Conference ON Indium Phosphide — and — Related one the paper number ThA 2-1 of 
************ y. - Sakata and et aL and "Strained MQW-BH-LDs and integrated devices fabricated by 
selective It is described by MOVPE" etc. (8th IntConf - Indium Phosphide and Related Materials, paperThA2-l 
(1996)). Hereafter, with reference to a drawing, it explains in detail. 

[0005] If a perspective diagram shows this kind of conventional accumulated type optical modulator, it has become 
as it is shown in drawing 6 . This manufacturing process is shown in drawing 7 , the drawing 8 , and the drawing 9 . 
[0006] First, the field azimuth of a front face forms in the DFB-laser section 2 with a length of 400 micrometers on 
the n type InP substrate 1 of a field ( 100) the diffraction grating 3 with which the slot: parallel to a field (0 1 1) is 
located in a line by pitch 243nm. Next, a clearance forms the stripe mask of two pairs of diacid-ized silicon layers 4 
which are 1.8 micrometers. Width of face of this diacid-ized silicon layer 4 is made into the configuration which is 4 
micrometers and two pairs of diacid-ized silicon layers 4 close by 10 micrometers and the modulator section 5 in the 
DFB-laser section 2 in the fraction of 30 micrometers of the edges of the opposite side of the DFB-laser section 2 of 
the modulator section 5. The length of the modulator section 5 is 250 micrometers, and is inserted between the 
modulator section 5 and the DFB-laser section 2 by the length whose transition region section 6 from which the 
width of face of the diacid-ized silicon layer 4 changes continuously is 50 micrometers; This diacid-ized silicon 
layer 4 serves as the growth prevention mask in an organic-metal vapor growth (henceforth "MO-VPE"). By 
changing this mask width of face in the DFB-laser section 2 and the modulator section 5, the transition level of the 
multiplex quantum well structure (hereafter referred to as "MQW".) by MO-VPE can be changed. 
[0007] Epitaxial growth with InP and InGaAsP is performed in this selective growth of MO-VPE. At this time, 
material gas supplies an organic metal by the bubbling of hydrogen using trimethylindium (henceforth M TMt"), 
trimethylgallium (henceforth "TMG"), an arsine (henceforth AsH3), and a phosphoretted hydrogen (henceforth 
"PH3"). About doping, the gas which diluted a disilane (henceforth M Si2 H6") and dimethyl zinc (henceforth 
"DMZn") with hydrogen is used suitably. Moreover, a growth pressure is set to lOOTorr. 

[0008] An MO-VPE selective growth is performed by the layer structure as shown in drawing 10 after diacid-ized 
silicon layer 4 formation. First, it starts in the n-InGaAsP guide layer 7 of 1. 13 micrometer composition, and is n- 



InGaAsP of 8 or 1.2 micrometers composition of n-InP spacer layers. The SCH layer 9 and the oval MQW layer 10 
are grown up one by one. The oval MQW layer 10 has the structure where the eight-layer compressive-strain 
InGaAsP well layer 1 1 and InGaAsP barrier layer 12 of 1.2 micrometer composition in the meantime were pinched 
and transition wavelength is 1.47 micrometers in 1.56 micrometers and the modulator section 5 in the DFB-laser 
section 2. InGaAsP of L2 micrometer composition moreover The SCH layer 13, the InGaAsP interlayer 14, p- 
InGaAsP The SCH layer 15 and the p-InP clad layer 16 are grown up. The hole carrier generated by the modulator is 
quickly drawn out to the p lateral electrode 24 by changing the band gap gradually here from InGaAsP of 1 .2 
micrometer composition of SCH layer by the side of p to InP. Thus, a selective-growth configuration as shown in 
drawing 7 is acquired. In MO-VPE, since the growth rate of the Bth (1 1 1) page is slow, although the Bth (1 1 1) page 
is formed in the selective-growth side face, generally as for the side face of the window section 17 of the modulator 
section 5 outgoing-radiation section, the Ath (111) page is formed. 

[0009] Next, the diacid-ized silicon layer 4 of 1 micrometer of both the sides of the selective-growth ridge section 
18 is removed. The diacid-ized silicon layer 4 is removed so that the whole omission width of face may become 
equal also in the window section 17. Moreover, the p-hiP pad layer 19, the p-InGaAsP contact layer 20, and the p- 
InGaAs contact layer 21 are grown up. And as shown in drawing 8 , **** of flat growth sections other than the ridge 
section is removed. 

[0010] Next, the p-InGaAsP contact layer 20 of the transition region section 6 and the p-InGaAs contact layer 21 are 
removed, and the diacid-ized silicon layer 22 which carried out opening only on the selective-growth top of the 
DFB-laser section 2 and the modulator section 5 is formed as shown in drawing 9 . 

[001 1] Next, it forms so that the top of a selective growth may expose a polyimide 23, and the p lateral electrode 24 
is formed in the DFB-laser section 2 and the modulator section 5. Next, after performing rear-face polishing and 
setting thickness of a wafer to 120 micrometers, the n lateral electrode 25 is formed. 

[0012] Finally, an end-face cleavage is performed, and as shown in drawing 6 , AR coating layer 26 which becomes 
the end face by the side of the modulator section 5 from a silicon nitride is givea Hie end face by the side of the 
DFB-laser section 2 obtains 75% of an end-face reflection factor by three layer coating of a diacid-ized silicon layer 
/ amorphous silicon layer / diacid-ized silicon layer. 

[0013] The reflection factor of modulator section 5 end face can be ****ed to 0.04% or less according to the 
structure of the window section 17+AR coating layer 26 created by the above process. 0.04% or less of a front end 
side reflection factor, then 500km transmission of 2.48832Gb/s can be performed as described by Aoki of the paper 
number C-311 of a 1996 electronic-intelligence communication society electronics society convention lecture 
collected works etc. "the influence which it has on the transmission characteristic of the front end side light reflex in 
an electric-field absorption type optical-modulator accumulation DFB laser." However, since the influence of a char 
ping becomes large more in lOGb/s, in return light suppression of this level, a transmission distance can be 
lengthened only to about 80km. 
[0014] 

[Problem(s) to be Solved by the Invention] In a proior art, the transmission distance of lOGb/s cannot be lengthened 
to 80km or more by limit of the wavelength dispersion of an optical fiber. Since the optical density of the barrier 
layer of a DFB laser is changed, a carrier density changes by this and a refractive index changes with the return light 
from a modulator to a DFB laser further, the ground is to change the oscillation wavelength of the DFB laser 
decided with a diffraction grating. Such change will bring bigger influence, if a transmission bit rate approaches a 
relaxation-oscillation frequency in order to occur on the frequency called relaxation-oscillation frequency which a 
DFB laser has. Usually, by lOGb/s transmission, since the relaxation-oscillation frequency of a DFB laser is about 
10GHz, if it does not stop a char ping very small, it cannot be transmitted over long distances. 
[0015] Moreover, Dispersion Compensation Although there is also a method of compensating variance by inserting 
Fiber (DCF), equipment large-sized-izes this DCF fiber, and it has the fault of becoming a verv big cost rise. 
[0016] 

[Objects of the Invention] The purpose of this invention reduces occurrence of the char ping by the return light 
inside an accumulated type optical modulator, and is to realize a high speed and a long distance optical transmission. 
[0017] 

[Means for Solving the Problem] this invention bends an optical waveguide in the optical semiconductor device 
which has a diffraction grating, an end face and an optical waveguide are made to become perpendicular, and the 
angle of an end face and an optical waveguide is made to shift in one end face from a perpendicular in respect of an 
other end. 

[0018] Moreover, in the above-mentioned optical semiconductor device, a modulator and distribution feedback type 
semiconductor laser are integrated monolithic, and a modulator is arranged to the side to which distribution feedback 
type semiconductor laser is arranged to the side an optical waveguide and whose end face are perpendicular, and the 
optical waveguide and the end face lean to it aslant. 

[00 19] By bending an optical waveguide in the middle of in a chip, an optical waveguide and an end face can be 
made in one end face, and an optical waveguide and an end face can be perpendicularly made slanting in respect of 
an other end. In an accumulated type optical modulator, although it is necessary to make the back end side of a 
uniform grating DFB laser at high reflex, and to make the outgoing-radiation end face by the side of a modulator 
super-low reflex, it is the technique of inserting such a deflection waveguide, and this unsymmetrical reflex can be 



realized. In a slanting waveguide, since the light reflected by the end face does not return to the original waveguide, 
it can be substantially made low reflex. 

[0020] In an accumulated type optical modulator, the return light suppression to a DFB laser serves as a big 
technical probrem from a modulator in connection with improvement in the speed and long-distance-izing. Slanting 
waveguide-ization by the modulator outgoing-radiation end face described in the top can stop now the return light to 
a DFB laser from a modulator to 0.01% or less by combining with window structure and AR coating. If return light 
is stopped to 0.01% or less, the char ping resulting from return light can be disregarded now, and lOGb/s and 200km 
transmission will be attained. 

[0021] If the radius of curvature is too small when it considers as a deflection waveguide, waveguide loss arises and 
there is a problem that output power will decline. If this sets radius of curvature to 2mm or more when barrier-layer 
width of face is 1.5 micrometers or more, and it sets radius of curvature to 5mm or more when barrier-layer width of 
face is 1 micrometers or more, it will not pose a problem at all 
[0022] 

[Embodiments of the Invention] Drawing 1 is a perspective diagram showing the 1st operation gestalt of this 
invention. 

[0023] If drawing 1 is referred to, the element structure of an accumulated type optical modulator is large, it is 
divided into the DFB-laser section 2, the transition region section 6, and the modulator section 5, and the diffraction 
grating 3 is formed on the n type InP substrate 1 in the DFB-laser section 2. The barrier layer of the modulator 
section 5 quenches DFB-laser light by a band gap being small and applying a reverse bias from the barrier layer of 
the DFB-laser section 2. The transition region section 6 is a field which changes the band gap of a barrier layer 
continuously. The p lateral electrode 24 is separated and formed in the DFB-laser section 2 and the modulator 
section 5. 

[0024] The point which serves as the characteristic feature here is the optical waveguide of the modulator section 5 
bending and having become the waveguide. The radius of curvature of this deflection waveguide is l-3mm. The 
length of the modulator section 5 is 100 micrometers - 300 micrometers, and the angle of a waveguide and an end 
face is the angle which inclined aslant [ 5 degrees or more ] on the basis of 90 degrees in the outgoing-radiation end 
face of the modulator section 5. As for this slanting angle, it is still desirable that it is 7 degrees or more. 
[0025] The end-face section of the modulator section 5 has given AR coating layer 26, and the interior has window 
structure. Thus, an AR coating + window structure + slanting waveguide is synthesized, and a front end side 
reflection factor is suppressed to 0.0 1% or less. 

[0026] Moreover, the fraction used as the deflection waveguide is also expandable even not only to the modulator 
section 5 but the transition region section 6 and the DFB-laser section 2 as a modification of the operation gestalt of 
this invention. Let the diffraction grating 3 of the DFB-laser section 2 be the diffraction grating turned as the optical 
waveguide bent at this time. The total length of a chip who all added the modulator section 5, the transition region 
section 6, and the DFB-laser section 2 is 500-900 micrometers, and sets the radius of curvature of the whole point 
waveguide to 2-6mnx The outgoing-radiation end face of the modulator section 5 serves as the slanting waveguide 
to which an optical waveguide and 7 degrees - 20 degrees of end faces inclined on the basis of 90 degrees. 
[0027] Next, one example of this operation gestalt is explained in detail with reference to a drawing. 
[0028] When drawing 1 is referred to, an element consists of the DFB-laser section 2, the transition region section 6, 
and the modulator section 5 for this example, and each length is 400 micrometers, 50 micrometers, and 250 
micrometers. These are all formed monolithic [ a field azimuth ] on the n type InP substrate 1 of (100). In the DFB- 
laser section 2, the diffraction grating 3 whose pitch is 243nm is formed on the n type InP substrate 1. The band-gap 
wavelength of the barrier layer of the DFB-laser section 2, the transition region section 6, and the modulator section 
5 is 1470nm in 1560nm and the modulator section 5 in the DFB-laser section 2, and the transition region section 6 
has connected between these continuously. 

[0029] Opening of the diacid-ized silicon layer 22 is carried out in the DFB-laser section 2 and the modulator 
section 5, on it, it separates into the DFB-laser section 2 and the modulator section 5, and the p lateral electrode 24 is 
formed. The optical waveguide of the modulator section 5 is a deflection waveguide with a radius of curvature of 
2mm, and the outgoing-radiation end face leans aslant [ 7 degree ] : Moreover, AR coating layer 26 which consists of 
a silicon nitride film is given to the front end side. 

[0030] Next, the manufacture technique of this example is explained in detail with reference to drawing 2 , the 
drawing 3 , the drawing 4 , and the drawing 1 . 

[003 1] First, the field azimuth of a front face forms in the DFB-laser section 2 with a length of 400 micrometers on 
the n type InP substrate 1 of a field (100) the diffraction grating 3 with which the slot parallel to a field (0 1 1) is 
located in a line by pitch 243nm. Next, a clearance forms the stripe mask of two pairs of diacid-ized silicon layers 4 
which are 1.8 micrometers. Width of face of this diacid-ized silicon layer 4 is made into the configuration which is 4 
micrometers and two pairs of diacid-ized silicon layers 4 close by 10 micrometers and the modulator section 5 in the 
DFB-laser section 2 in the fraction of 30 micrometers of the front end sections of the modulator section 5. The 
length of the modulator section 5 is 250 micrometers, and is inserted between the modulator section 5 and the DFB- 
laser section 2 by the length whose transition region section 6 from which the width of face of the diacid-ized silicon 
layer 4 changes continuously is 50 micrometers. And although the stripe of this diacid-ized silicon layer 4 has turned 
to die [011] orientation in the DFB-laser section 2 ? it is taken as the configuration turned with the radius of curvature 



of 2mm in the modulator section 5. The diacid-ized silicon layer 4 serves as the growth prevention mask in MO- 
VPE growth. The transition wavelength of MQW by MO-VPE can be changed by changing this mask width of face 
in the DFB-laser section 2 and the modulator section 5. 

[0032] Although InP and InGaAsP are grown epitaxially in this selective growth of MO-VPE, material gas is TMI, 
TMG, AsH3, and PH3\ It uses and an organic metal is supplied by the bubbling of hydrogen. About doping, the gas 
which diluted Si2H6 and DMZn with hydrogen is used suitably. Moreover, a growth pressure is set to lOOTorr. 
[0033] An MO-VPE selective growth as shown in drawing 10 is performed after diacid-ized silicon layer 4 
formation. First it starts in the n-InGaAsP guide layer 7 of 1.13 micrometer composition, and is n-InGaAsP of 8 or 
1.2 micrometers composition of n-InP spacer layers. The SCH layer 9 and the oval MQW layer 10 are grown up one 
by one. The oval MQW layer 10 has the structure with InGaAsP barrier layer 12 of l.mum composition the eight- 
layer compressive-strain InGaAsP well layer 1 1 and between them, and transition wavelength is 1.47 micrometers in 
1.56 micrometers and the modulator section 5 in the DFB-laser section 2. InGaAsP of 1.2 micrometer composition 
moreover The SCH layer 13, the InGaAsP interlayer 14, p-InGaAsP The SCH layer 15 and the p-InP clad layer 16 
are grown up. The hole carrier generated in the modulator section 5 is quickly drawn out to the p lateral electrode 24 
by changing the band gap gradually here from InGaAsP of 1.2 micrometer composition of SCH layer by the side of 
p to InP. Thus, a selective-growth configuration as shown in drawing 2 is acquired. In MO-VPE, since the growth 
rate of the Bth (111) page is slow, although the Bth (111) page is formed in the selective-growth side face, generally 
as for the side face of the window section 17 of the modulator section 5 outgoing-radiation section, the Ath (1 1 1) 
page is formed. 

[0034] Next, the diacid-ized silicon layer 4 of 1 micrometer of both the sides of the selective-growth ridge section 
18 is removed. The diacid-ized silicon layer 4 is removed so that the whole width of face may become equal also in 
the window section 17. Moreover, the p-InP pad layer 19, the p-InGaAsP contact layer 20, and the p-InGaAs contact 
layer 21 are grown up. And as shown in drawing 3 , **** of the flat growth section which is not the ridge section is 
removed 

[0035] Next the p-InGaAsP contact layer 20 of the transition region section 6 and the p-InGaAs contact layer 2 1 are 
removed, and the diacid-ized silicon layer 22 which carried out opening only on the selective-growth top of the 
DFB-laser section 2 and the modulator section 5 is formed as shown in drawing 4 . 

[0036] Next, it forms so that the top of a selective growth may expose a polyimide 23, and the p lateral electrode 24 
is formed in the DFB-laser section 2 and the modulator section 5. Next, after performing rear-face polishing and 
setting thickness of a wafer to 120 micrometers, the n lateral electrode 25 is formed. Finally, an end-face cleavage is 
performed, and as shown in drawing 1 , AR coating layer 26 of a silicon nitride film is given to the end face by the 
side of the modulator section 5. HR coating layer of 75% of a reflection factor is given the back end side of the 
DFB-laser section 2 by three layer coating of a diacid-ized silicon layer / amorphous silicon layer / diacid-ized 
silicon layer. 

[0037] Passing through the above manufacturing process, the outgoing-radiation end face of the modulator section 5 
serves as 7-degree slanting waveguide + window structure +AR coating. Consequently, a total front end side 
reflection factor is stopped to 0.01% or less. 

[0038] In the above example, although the case of the distortion MQW of InGaAsP on InP substrate was described, 
of course, it can carry out similarly by MQW of InGaAlAs system. 

[0039] Drawing 5 is a perspective diagram showing the 2nd operation gestalt of this invention. 
[0040] If drawing 5 is referred to, this operation gestalt serves as the deflection waveguide the modulator section 5 
turned perpendicularly. In this case, a bigger effect can be brought also with the same radius of curvature. The 
outgoing-radiation section of the modulator section 5 has window structure, and the barrier layer is disrupted by the 
Ath (111) page. Therefore, when a beam comes from the barrier layer in the modulator section 5 to the window 
section, even if it does not become a slanting waveguide, it is refracted and a beam is fjent a little downward. In 
order to bend a waveguide to the lower one moreover, the property as a slanting waveguide is acquired in the type 
expanded more. 

[0041] Moreover, in order to bend a beam downward, the light reflected in respect of the front end is reflected in the 
direction in the n type InP substrate 1. For this reason, the advantage that there is no concern reflected irregularly on 
the ridge side face of a selective growth also has return light 

[0042] When manufacturing this, it is the first process and the process which etches the n type InP substrate 1 is 
inserted The fraction of the modulator section 5 is made into a configuration with a radius of curvature of 2mm by 
this etching. 

[0043] Much more effect can also be raised to this technique combining a still horizontal deflection waveguide. 
[0044] 

[Effect of the Invention] The effect by this invention explained above is making it a slanting waveguide by the 
outgoing end in addition to window structure +AR coating, and is that the return light to a DFB laser came to be 
pressed down by -40dB or less from the modulator section also in an accumulation device. Consequently, 200km 
long-distance transmission was attained also in the optical communication of lOGb/s. 

[0045] The char ping to which the ground restricts a transmission distance is because an induction is carried out 
from a modulator by the return light to a DFB laser. Since return light is modulated, an optical density change within 
a DFB laser is caused, carrier density change of the carrier which this has contributed to the laser oscillation is 



caused, and this causes refractive-index change of a barrier layer further. DFB lasers are the pitch of a diffraction 
grating, and the effective refractive index of an optical waveguide, and since oscillation wavelength was decided, 
change of oscillation wavelength, i.e. r a char ping, generates them by refractive-index change of a barrier layer. 
Therefore, if return light can be suppressed, it will be enabled to suppress a char ping. 
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CLAIMS " ~ — : _ „ 

[Claim(s)] " — 

[Claim 1] It is the optical semiconductor device with which the end face of both optical waveguides is an parallel 
cleavage plane mutually, one aforementioned end face and aforementioned optical waveguide are mutually 
perpendicular with the semiconductor device, and the aforementioned end face and the aforementioned optical 
waveguide of another side are mutually characterized by what is not perpendicular in the optical semiconductor 
device which has the diffraction cancellus. 

[Claim 2] The optical semiconductor device to which the optical waveguide is perpendicular to the end face, and an 
optical waveguide is characterized by what is not perpendicular to the end face in the traction of the aforementioned 
optical modulator by the fraction of the aforementioned semiconductor laser in the optical semiconductor device 
which integrated semiconductor laser and the optical modulator. 

[Claim 3 ] The optical semiconductor device according to claim 2 only the optical waveguide of the fraction of the 
aforementioned optical modulator has turned. 

[Claim 4] The optical semiconductor device according to claim 2 with which the optical waveguide is curving in 
both the fraction of the aforementioned semiconductor laser, and the fraction of the aforementioned optical 
modulator. 

[Claim 5] The optical semiconductor device according to claim 3 or 4 which has the deflection of the 
aforementioned optical waveguide in a substrate and a horizontal direction. 

[Claim 6] The optical semiconductor device according to claim 3 or 4 which has the deflection of the 
aforementioned optical waveguide in a substrate and a perpendicular direction. 
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